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(54) Single gate oxide output buffer stage with a cascaded transistor 



(57) An output buffer stage converts a voltage level 
of a received internal signal, such as a signal to be out- 
put from the output buffer stage, prior to outputting the 
received signal; selectively provides a variable refer- 
ence voltage signal (1 24) for a cascaded circuit element 
(102b) of a pull-up or pulldown circuit in the output 
buffer and also generates a floating well output signal 
(128). for wells associated with the cascaded output 
buffer circuit elements. The output buffer stage is a sin- 
gle gate oxide output buffer stage. In one embodiment, 



a voltage level shifting circuit (1 10) is used along with a 
variable reference generating circuit (112) that provides 
a variable reference voltage signal (124) to a cascaded 
buffer element of a pull-up or pull-down circuit and that 
also provides a floating well output signal (128) to wells 
of the pull-up or. pull-down circuit. The voltage level shift- 
ing circuit (110) and variable reference generating cir- 
cuit (1 12) is operatively coupled to the pull-up circuit or 
pull-down circuit as needed. 
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1. EP 1 081 8 

Description 

[0001] The invention relates generally to output 
buffer stages, and more particularly to input/output 
buffer stages that can withstand overvoltage conditions. 5 
[0002] . There is a constant challenge to continu- 
ously design smaller, faster and more complicated inte- 
grated circuits to provide increased functionality for 
multimedia applications and other applications. With the 
continued demand for higher speed and lower power w 
consumption integrated circuits a need exists for simple, 
low cost and reliable' over voltage protection circuits. 
Graphics controller chips, like many integrated circuit 
devices, utilize CMOS, logic cores, and associated I/O 
pads as part of their circuit makeup; I/O pads can is 
include, for example, input/output buffers coupled to a 
common pad or pin. For example, CMOS based, video 
graphics chips with 128 input/output ports (I/O ports) 
are required to operate at clock speeds of 125 MHz to 
250 MHz or higher. Such devices may use a 2.5 V or 1 .8 20 
V power supplies for much of their logic to reduce power 
consumption. One way to increase the operating speed 
of such devices is to decrease the gate length of core 
circuitry transistors. However, a decrease in the gate 
length and gate oxide thickness of MOS devices can 25 
reduce safe operating voltage to lower levels. 
[0003] For examplef where an integrated circuit 
contains digital circuitry that operates from a 2.5V 
source and is fabricated using silicon dioxide gate thick- 
ness of 50 Angstroms, a resulting safe operating volt- 30 
age may be approximately 2.8 V. Such IC's must often 
connect with more conventional digital devices that 
operate at 5 V or 3.3 V. A problem arises when the core 
logic circuitry (operating at 1.8 V) receives 5 V digital 
input signals from peripheral" devices on input pins (or 35 
I/O pins). Such standard 5 V input signals or 3.3 V input 
signals can cause damage if suitable voltage protection 
is not incorporated. 

[0004] As smaller gate oxide thicknesses are used; 
to increase the speed and density of integrated circuits, 40 
transistors must withstand varying supply voltage oper- 
ating ranges. For example, external circuits may provide 
5 V input signals during normal operating modes. 
Although a combination of thick gate and thin gate 
devices can make it easier to design circuitry, it intro- 45 
duces another gate thickness and increases the 
number of processing steps required to fabricate the IC. 
This adds to the expense of the integrated circuit. In 
addition, dual gate oxide circuits such as those using 
1 .8 V or 3.3 V supply voltages typically cannot withstand so 
a 5 V signal during normal operation. 
[0005] Also, I/O buffers may receive an input signal 
of, for example, 5 V or more, on a same pin or pad that 
is connected to the output buffer stage. With smaller 
gate oxide thicknesses, the safe gate to drain and safe 55 
gate to source voltages decreases. Accordingly, tradi- 
tional cascaded output buffer stages can be damaged 
when the I/O pin or pad receives an input signal that is 
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much higher than an. I/O pad supply voltage or a supply 
voltage to internal core circuitry. Also, conventional I/O 
buffers are tristated the output buffer stage when the I/O 
buffer is configured to receive data. These conventional 
I/O buffers typically have pull up or pull down circuits 
that are typically achieved using PMOS transistor or 
cascaded nmos transistor configurations. Where volt- 
age protection is provided, such as clamp diodes, 
unnecessary draw current can result when the pad is 
sent an input signal, such as 5 V, from another circuit for 
a continued length of time. In addition, cascaded config- 
urations may be inadequate where signals that are 
being sent from the core through the buffer stage are at 
a lower level than the buffer stage supply voltage. The 
voltage difference may be such that an unsuitable 
threshold drop across a transistor gate to drain or gate 
to source paths are inadequate to properly shut off an 
output buffer circuit. 

[0006] Conventional cascaded output buffers also 
typically use constant reference voltages for gates of 
the cascaded transistors. Mo re over,, wit ha 5 V input, 
and a much lower buffer supply voltage, for example, 
the constant voltage references need to be large 
enough to avoid gate to drain and gate to source over- 
voltages of the cascaded transistors. Also, for transmis- 
sion. or output. of data from the output buffer, the drive 
strength of pull up circuits may not be strong enough 
due to the low supply voltages of either the core supply 
voltage or the I/O buffer supply voltage. In addition, it 
would be desirable to have a suitable output buffer 
stage that utilized single gate oxide elements to improve 
fabrication costs and wafer yields. 
[0007] Accordingly, there exists a need to "avoid 
excessive gate to source and gate to drain overvoltage 
conditions in cascaded stages of an output buffer. 
[0008] According to a first aspect of the present 

invention, a cascaded output buffer stage comprises 

.- < 

at least one single gate oxide voltage level shifting 
circuit; 

at least one single gate oxide variable reference 
generating circuit operatively responsive to a con- 
trol signal and to the output buffer input signal, to 
provide a variable reference voltage signal and a 
floating well output signal; and 
at least one single gate oxide cascaded pull up cir- 
cuit operatively coupled to the output of the output 
buffer, the single gate oxide voltage level shifting 
circuit and to the variable reference generating sig- 
nal. 

[0009] Accord to a second aspect of the present 
invention, a cascaded output buffer stage comprises: 

at least one single gate oxide voltage level shifting 
circuit; . 

at least one single gate oxide variable reference 
generating circuit operatively responsive to a con- 
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trol signal and to the input signal, to provide a float- 
ing well output signal and a variable reference 
voftage signal; and 

at least one single gate oxide cascaded pull down 
circuit operatively coupled to the input signal, the 5 
single gate oxide voltage level shifting circuit and to 
the variable reference signal. 

[0010] According to a third aspect of the present 
invention, a cascaded output buffer stage comprises: 10 

at least one single gate oxide voltage level shifting 
circuit; 

at least one single gate oxide variable reference 
generating circuit operatively responsive to a con- rs 
trol signal and to the input signal, to provide a float- 
ing well output signal and a variable reference 
voltage signal; . 

at least one single gate oxide cascaded pull up cir- 
cuit operatively coupled to the input signal, the sin- 20 
gle gate oxide voltage level shifting circuit and to the 
variable reference jgene rating signal; and 
at least one single gate oxide cascaded pull down 
circuit operatively cascaded with the single gate 
oxide cascaded pull up circuit, and operatively cou- 25 
pled to the input signal, the single gate oxide volt- 
age level shifting circuit and to the variable 
" reference generating signal.- 

[0011] According to a fourth aspect of the present 30 
invention, a method for protecting a cascaded output 
buffer stage that receives an internal input signal and 
provides an output signal, comprises the steps of: . 

converting a voltage level of a received an internal 35 
input signal prior to outputting the received signal to 
a first input. of a single gate oxide cascaded pull up 
circuit; 

selectively providing a variable reference voltage 
signal for a second input of the single gate oxide 40 
cascaded pull up circuit, in response to at least one 
of a control signal and the input signal; and" 
generating a floating well output signal for at least a 
well. associated with the single gate oxide cascaded 
pull up circuit. • 45 

[0012] The disclosed invention will be more readily 
understood by way of example, with reference to the fol- 
lowing drawings wherein: 

50 

Figure 1 is a block diagram illustrating one embodi- 
ment of a cascaded output buffer stage in accord- 1 
ance with one embodiment of the invention. 
Figure 2 is a block diagram illustrating one example 
of the cascaded output buffer stage of FIG. 1 . 55 
Figure 3 is a block diagram illustrating one embodi- 
ment of a cascaded output buffer stage for pull up 
and pull. down cascaded circuits in accordance with 



one embodiment of the invention. 

Figure 4 is a schematic illustrating one example of 

the cascaded output buffer stage shown in FIG. 2. . 

[0013] Briefly, a cascaded output buffer stage and 
buffering method converts a voltage level of a received 
signal from the core, such as a. signal to be output 
(transmitted) from the cascaded output buffer stage, 
prior to outputting the received signal; selectively pro- 
vides a variable reference voltage signal for a cascaded 
circuit element in the output buffer and also generates a 
floating 1 well output signal for wells associated with the 

• cascaded upper buffer circuit elements. The cascaded 
output buffer stage is also, in one embodiment, a single 
gate oxide cascaded output buffer stage. In one embod- 
iment a voltage level shifting circuit is used along with a 
variable reference generating circuit that provides a var- 
iable reference voltage signal to cascaded output buffer 
circuits, and that also provides a floating'well output sig- 

. na| to wells of the cascaded circuit. The voltage level 
shifting circuit and variable reference generating circuit 
is operatively coupled to a cascaded pull up circuit or 
cascaded pull down circuit as needed. .. 
[0014] FIG. 1 illustrates a portion of a cascaded 
output buffer stage 100 having cascaded elements 102, 
shown as a cascaded pull up circuit 104. in this embod- 
iment, the pull up circuit includes a first PMOS transistor , 
102a and a second PMOS transistor 102b that are con-, 
nected in a cascaded fashion. The cascaded pull up cir- 
cuit 104 is operatively coupled to ah input/output pad 
106 to which an input buffer is connected (not shown). 
The cascaded pull up circuit 104 is operatively coupled 
to an output buffer supply voltage 108^ The .^cascaded 
output buffer stage 100 also includes a voltage [evel 
shifting circuit 110 and a variable reference generating 
circuit 112. The voltage level shifting circuitLis opera- 
tively coupled to receive a received signal 114, such as 
data signal from core logic. The level shifting circuit al 10 
converts a voltage level of the received signal 1 1 4 to a 
shifted level signal 116 which is provided to a first input 
118 of the cascaded pull up circuit 1 04. . 
[0015] The variable voltage reference generating 
circuit 1 12 is responsive to a control signal 120, such as 
an output enable signal, and is also responsive to "an 
input signal 122 which is received through the I/O. pad 
106. The variable reference voltage generating circuit 
112 selectively provides a variable reference voltage 
signal 1 24 to a second input 1 26 of the cascaded pull up 
circuit. In addition, the variable reference voltage gener- 
ating circuit 112 generates a floating well output signal 
128 for at least a well associated with the cascaded pull, 
up circuit 1 04. 

[0016] The level shifting circuit 110 shifts the 
received signal 114 as a function of the output buffer 
supply voltage 1 08 that supplies voltage to pull up circuit 
104. Accordingly, if different supply voltages are used, 
the level shifter shifts the level of«the data to be output 
from the buffer, to a suitable leveljo ensure that the gate 
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to drain and gate to sourcevoltages first PMOS transis- 
tor 102a are within norma! operating ranges when the 
output buffer is transmitting data: 

[0017] The variable reference voltage generating 
circuit 112 outputs the variable reference voltage 124 
continuously and dynamically adjusts the variable volt- 
age reference signal 124 in response to both whether 
the output buffer has been selected to enable the trans- 
mission of data, or when the output buffer stage has 
effectively been put in the tristate mode so that the input 
buffer can receive data. As such, the variable reference 
voltage generator 112 dynamically varies the variable 
reference voltage 124 in response to the control signal 
120, such as during the transmit mode, arid based on 
the input signal 122, for example, when the I/O buffer is 
put in the receive mode. 

[0018] FIG. 2 illustrates a more detailed embodi- 
ment of the variable reference voltage generating circuit 
112. The variable reference generating circuit 112, in 
this example, includes a plurality of variable reference 
generating circuits 200 and 202, and an isolation circuit 
204. The variable reference voltage generating circuit 
112 provides the variable reference voltage 124 for the 
cascaded pull up circuit 104 from one of the plurality of 
variable reference voltage generating circuits 200 or 
202, based on whether the output buffer stage is ena- 
bled for outputting data. This may be done, for example, 
through control signal 120 which may be, for example, 
an output enable signal as known in the art. In addition, 
the isolation circuit 204 may isolate the variable refer- 
ence voltage circuit 200 when the pad voltage 122 
reaches a certain level when an output buffer is tri- 
stated. In this latter case, the variable reference voltage 
1 24 is controlled by the variable reference voltage gen- 
. erating circuit 202. 

[0019] The variable reference generating circuit 200. 
is responsive to the control- signal 120 to provide a 
transmit reference voltage 210 which is effectively 
passed as the reference voltage 1 24 by the isolation cir- 
cuit when the isolation circuit is allowed to pass the ref- 
erence voltage through. This is typically done when the 
output buffer stage is enabled for outputting data. The 
variable reference generating circuit 202 is operatively 
coupled to dynamically vary the variable reference volt- 
age 124 as a function of the input voltage 122 when.the 
cascaded output buffer stage is not enabled for output- 
ting data, such as when the output buffer is tristated. 
[0020] The isolation circuit 204 is operatively cou- 
pled to the plurality of variable reference voltage gener- 
ating circuits 200 and 202 to selectively isolate one of 
the variable reference generating circuits 200 or 202 
depending upon, for example, the level of the input volt- 
age 1 22 and/or whether the output buffer has been ena- 
bled to output data. 

[0021] The variable reference generating circuit 202 
effectively tracks' the input voltage when the I/O buffer is 
■ in a receive mode. In this embodiment, the variable ref- 
erence generating circuit 202 also includes a floating 



well control circuit to generate the floating well output 
signal 128. The variable reference generating circuit 
202 generates a receive variable reference signal 212 
which is effectively passed through the isolation circuit 
5 204 to serve as the reference voltage 124 when the I/O 
buffer is in the receive mode. Also as shown, the floating 
well output signal 1 28 is also provided to circuit wells of 
the isolation circuit 204. 

[0022] In operation, when the I/O buffer is in the 
w receive mode, as set by the control signal 120, the vari- 
able reference voltage 1 24 is controlled to be about 2 V 
when the input signal 122 is between 0 V and the buffer 
supply voltage level. For purposes of illustration only, 
the buffer supply voltage may be, for example, 3.3 V, 
15 and the core supply voltage may be, for example, 2.5V. 
During the receive mode, the floating well output signal 
128 is controlled to be approximately the output buffer 
supply voltage of 3.3 V. When the input voltage exceeds 
the buffer supply voltage plus threshold voltage drops 
20 across the cascaded circuit elements, the variable refer- 
ence voltage 124 is controlled to be approximately 
equal to the input voltage, by the voltage reference gen- 
erating circuit 202. The floating well output signal 128 is 
also controlled to be approximately equal to the level of 
25 the input signal 122. 

[0023] In a transmit mode, such as when the I/O 
buffer is enabled to send output data, the reference volt- 
- age 1 24 is controlled to be approximately one threshold 
voltage drop (vTP) of approximately 1 V for the buffer 
30 supply voltage 3.3V, by the variable reference generat- 
ing circuit 200. Where, for example, the buffer supply 
voltage is 2.5 V, the reference voltage 124 may be, for 
example, 0 V. The floating well output signal 128 is con- 
trolled to be approximately equal to the output buffer 
35 supply voltage. 

[0024] FIG. 3 illustrates an alternative embodiment 
showing an output buffer stage that includes a pull up 
circuit and pull down circuit based variable reference 
control circuit 301 so that a plurality of variable refer- 
40 ence voltages 300 and 302 are generated. Variable ref- 
erence voltage 300 is controlled for the pull up circuit 
104 and variable reference voltage 302 is controlled for 
the pull down circuit 304. A constant reference voltage 
306 may also be used as shown. The pull up circuit and 
45 pull down circuit variable reference voltage control cir- 
cuit 301 also generates the floating well output signal for 
all suitable wells of the cascaded device of the pull up 
circuit and any other suitable circuits as described and 
shown herein. It will also be recognized that fewer or 
50 more elements may be cascaded to provide additional 
output buffer flexibility and also to accommodate differ- 
ing supply voltages, and input and output level voltages. 
NMOS transistor 31 0, has a gate operatively coupled to 
receive the variable reference voltage 302 and is cas- 
55 caded with NMOS transistors 312 and 314 as shown. 
NMOS transistor 312 receives the constant reference 
voltage 306. The NAND gate, NOR gate and inverter 
are conventionally coupled to provide transmission of 
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data from the output buffer. 

[0025] Referring to FIG. 4, the circuit of FIG. 3 is 
shown in more detail. The variable reference generating 
circuit 202 is shown to include an input voltage tracking 
circuit 400 and a floating well control circuit 402. The 5 
floating well circuit 402 receives the input signal 122 
(when the buffer is in receiving mode) through isolation 
resistor 404, and provides the floating.well output signal 
128 for wells of the cascaded circuit elements 102a, 
1 02b, elements of the isolation circuit, namely transistor . io 
406, and circuit elements 408 and 410 of the floating 
well control circuit; along with circuit elements 412 and 
414. of the input signal tracking circuit 400. When the 
output buffer is in transmit mode, the floating well output 
signal 128 has output buffer voltage supply potential 15 
with the help of signal 210 that makes "on" PMOS tran- 
sistor 41 6. The variable reference voltage circuit 400 . 
has circuit elements 412 and 414 that include a first 
PMOS transistor having a source, gate and drain 
wherein the source is 'operatively coupled receive the 20 
input signal; and a second PMOS transistor having a 
source operatively coupled to the drain of the first 
PMOS transistor and a drain operatively coupled to an 
input of the cascaded pull up circuit. The wells of each 
of the first and second PMOS transistors are operatively 25 
coupled to the floating well output signal. 
[0026]- The floating well control circuit 402 varies 
the floating well output signal 128 as a function of the 
input signal 122. The floating well control circuit 402 
includes, in this embodiment, PMOS transistors 408 30 
and 410 coupled in a cascade configuration, and also 
includes PMOS transistor 41 6 having a gate operatively 
coupled to the source of PMOS transistor 410 and to a 
drain wherein to a drain of NMOS transistor 418. The 
PMOS transistor 41 6 includes a drain for outputting the 35 
floating well control signal and the source coupled to the 
buffer supply voltage 104. The NMOS transistor 418 
has a gate coupled to a static voltage such as the core 
supply voltage such as 2.5 V. The source of NMOS tran- 
sistor 418 is operatively coupled, to the variable refer- 40 
ence voltage generating circuit 200 and to the isolation 
circuit 204. PMOS transistors 408 and 41 0 are cas- 
caded to protect against overvoltage conditions to pro- 
tect when the input voltage -is 0 V, for example. For ~ 
example, PMOS transistor 408 protects PMOS transis- 45 
tor 41 0 when the input signal 1 22 is 0 V (without PMOS 
transistor 408 PMOS transistor 410 will be damaged ■ 
when the input signal 122 is 0V and the supply voltage 
104 is 3.3V because, as was mentioned above, for sin- 
gle gate oxide 50 Angstroms transistors the safe operat- so 
ing gate/source and gate/drain voltage is 2.8V). In the 
transmit mode, PMOS transistor 418 and PMOS tran- 
sistor 416 are on, providing the floating well output sig- 
nal level approximately equal to the supply voltage 1 04. 
[0027] The input voltage tracking circuit 400 effec- 55 
tively tracks the input voltage so that when it increases 
to a suitable level, the input voltage level is effectively 
provided as the vehicle voltage reference signal to pro- 



tect transistor 102b from the overvoltage conditions. 
During the transmit mode, for example, PMOS transis- 
tor 414 is off and PMOS transistor 412 protects PMOS 
transistor 414 from overvoltage conditions when the 
input level is 0 V, for example. _ ^ 
[0028] The voltage level shifting circuit : 1 10 also 
includes single gate oxide devices and may be, for 
example, any suitable level shifting circuit. One example 
of such a level shifting circuit may be found, for example, 
in our co-pending US Patent Application No.09/211496 
filed on December14, 1*998 , and incorporated herein by 
reference. The voltage level shifting circuit is operative 
to provide, for example, low logic level 0V when VDD- 
pad supply voltage is, for example, 2.5V. When the 
VDDpad supply voltage is, for example, 3.3 V, the level 
shifting circuit outputs a low level signal of 1 V for PMOS 
output buffer transistor 212 (signai 114). 
[0029] The isolation circuit 204 includes a NMOS 
transistor 431 and PMOS transistor 406. The isolation 
circuit 204 serves as a type of analog multiplexing cir- 
cuit which passes transmit reference' voltage 210 when 
the I/O buffer is in a transmit mode, and passes the 
input voltage . 122 when the input/output buffer is 
selected for . the receive mode. - 

[0030] The variable reference/voltage generating 
circuit 200 includes PMOS transistor 430, NMOS tran- 
sistor 432, NMOS transistor 434, inverter 436,, P^MOS 
transistor 438, and NMOS transistor' 440. The PMOS 
transistor 430 is operatively coupled to ; receive the con- 
trol signal, such as an output enable signaK as .input. 
NMOS transistor 434, as well as the inverter % 436, .also 
receives the control signal. Transistors 432 and 434 are 
connected in the cascaded arrangement. NMOS, tran- 
sistor 440 has a gate coupled to a reference voltage 
which may be changed depending upon the value of the 
supply voltage 104. In one example, the reference volt- 
age may be, for example, 0 V for a supply voltage of. 2.5 
V, or 1.4V for a supply voltage of 3.3 V. The NMOS tran- 
sistor 432 has a gate operatively coupled to receive 
another control signal that stays constant, for example, 
depending upon the level of the supply voltage 104. In 
one example, the control signal level may be 2.5 V for a 
supply voltage of 2.5 V, or 0 V for a supply voltage of 3.3 
V. The transistor 440 provides an active voltage thresh- 
old level with transistor 438 when the input/output buffer 
is set in the transmission mode which facilitates noise 
prevention. For a higher supply voltage of 3.3 V, for 
example, the transistor 438, provides a logic zero level 
of about a V TP for the transmit reference signal 21 0. For 
the output buffer voltage supply 2.5V transistors 432 
and 434 provide 0V reference signal 210 when output 
buffer is in transmit mode. In receiving mode the poten- 
tial of reference signal 210 is equal to the core voltage 
supply value. 

[0031] When the input/output buffer is in transmit 
mode, transistors 438 and 431 are "on" so that the 
transmission reference voltage 210 is effectively passed 
as the variable reference voltage 124. However, when 
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the output enable control signal is set so that the output 
buffer is tri-stated, the isolation circuit 204 effectively 
isolates the. variable reference voltage circuit 200 from, 
the cascaded output or pull up circuit. 

5 

Claims 

1. A cascaded output buffer stage that receives an . 
internal input signal and provides an output signal, 
comprising: 10 

.at least one single gate oxide voltage level 
shifting circuit; 

at least one single gate oxide variable refer- 
ence generating circuit operatively responsive 15 
to a control signal and to the output buffer input 
signal, to provide a variable reference voltage 
signal and a floating well output signal; and 
\ at least one single gate oxide cascaded pull up 
circuit operatively coupled to the output of the 20 
output buffer, the single gate oxide voltage level 
shifting circuit and to the variable reference 
generating signal. 

2. A cascaded output buffer stage that receives an 25 
interna! input signal and provides an output signal, 
comprising: 

at least one single gate oxide voltage level 
shifting circuit; ' 30 
at least one single gate oxide variable refer- 
ence generating circuit operatively responsive 
to a control signal and to the input signal, to 
provide a floating well output signal and a vari- 
able, reference voltage signal; and 35 
at least one single gate oxide cascaded pull 
down circuit operatively coupled to the input 
signal, the single gate oxide voltage level shift- 
ing circuit and to the variable reference signal; 

40 

3. A cascaded output buffer stage that receives an 
internal input signal and provides an output signal, 
comprising: 

at least one single gate oxide voltage level 45 
shifting circuit; 

at least one single gate oxide variable refer- 
ence generating circuit operatively responsive 
to a control signal and to the input signal, to 
provide a floating well output signal and a vari- so 
able reference voltage signal; 
at least one single gate oxide cascaded pull up 
circuit operatively coupled to the input signal, 
the single gate oxide voltage level shifting cir- 
cuit and to the variable reference generating: 55 
signal; and 

at least one single gate oxide cascaded pull 
down circuit operatively cascaded with the sin- 



gle gate oxide cascaded pull up circuit, and 
operatively coupled to the input signal, the sin- 
gle gate oxide voltage level shifting circuit and 
to the variable reference generating signal. 

4. The cascaded output buffer stage of any one of the 
preceding claims, wherein the variable reference 
voltage generating circuit provides the variable ref- 
erence voltage for the cascaded pull up or pull 
down circuit, from one of a plurality of variable refer- 
ence generating circuits based on whether the out- 
put buffer stage is enabled for outputting data. 

5. The cascaded output buffer stage of claim 4, 
wherein the plurality of variable reference generat- 
ing circuits includes at least a first variable refer- 
ence generating circuit operatively responsive to 

* the control signal, to provide a reference voltage for 
a cascaded circuit element when the cascaded out- 
put buffer stage is enabled for outputting data, or in 
the cascaded pul| down circuit 

6. The cascaded output buffer stage of claim 4 or 5 
wherein the plurality of variable reference generat- 
ing circuits includes a second variable reference 
generating circuit operatively coupled to dynami- . 
cally vary the variable reference voltage as a func- 
tion of the input voltage when the cascaded output 
buffer stage is not enabled for outputting data. 

7. The cascaded output buffer stage of any one of 
claims 4 to 6, wherein the at least one single gate 
oxide variable reference generating circuit includes 
an isolation circuit operatively coupled to selectively 
isolate the plurality of variable reference generating .-■ 
circuits. 

8. The cascaded output buffer stage of any one of the 
preceding claims, wherein the voltage level shifting 
circuit shifts a signal to be output, as a function of a 
buffer stage supply voltage that is operatively sup- 
plying voltage to the pull up or pull down circuit. 

9. The cascaded output buffer stage of any one of the 
preceding claims, wherein the variable voltage gen- 
erating circuit includes a floating well control circuit, 
operatively responsive to the input signal, that pro- 
vides the floating well output signal for wells of at 
least some of the cascaded circuit elements. , 

10. The cascaded output buffer stage of claim 9, - 
wherein the floating well control circuit varies the 
floating well output signal as a function of the input 
signal. 

11. The cascaded output buffer stage of claim 9 or 1 0, 
wherein the floating well control circuit is operatively 
coupled to the cascaded pull up or pull down circuit. 
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12. The cascaded output buffer stage of claim 7, 
wherein the variable voltage generating circuit 
includes a floating well control circuit, operatively 
responsive to the input signal, that varies the float- 
ing well output signal for wells of at least some of 5 
the cascaded circuit elements and for at least one 
well of the isolation circuit as a. function of the input 
signal level. % \ 

13. The cascaded output buffer stage of any one of the to 
preceding claims, wherein the cascaded circuit 
includes a first input operatively coupled to receive 

the variable reference voltage and a second input 
operatively coupled to receive a shifted level signal . 
from the at least one single gate oxide voltage level 15 
shifting circuit. 

14. The cascaded output buffer stage of claim 13, 
wherein the cascaded circuit comprises: 

• '■*■ 20 

at least a first PMOS transistor having a gate 
operatively coupled to the shifted level signal, a 
drain operatively coupled to a supply voltage 
for the cascaded circuit elements and a source, 
' • . and * . « 25 

at least a second PMOS transistor having a 
gate operatively coupled to receive the. variable 
reference, voltage, a drain coupled to the 
source of the first PMOS transistor, and a 
source operatively coupled to receive an input 30 
. ■• signal and to output an output signal; 5 



received signal to a first input of a single gate 
oxide cascaded pull up circuit; 
s lectively providing a variable reference volt- 
age signal for a second input of the single gate 
oxide cascaded pull up circuit, in response to at 
least one of a control signal and the, input sig- 
nal; and 

generating a floating well output signal for at 
" least a well associated with the single gate 
oxide cascaded pull up circuit. 

17. The method of claim 16, wherein the step of selec- 
tively providing the variable reference voltage 
includes providing the variable reference voltage 
from one of a plurality of variable reference generat- 
ing circuits based on whether the output buffer 
stage is enabled for outputting data. , 

18. The method of claim 16, including the step of 
dynamically varying the variable reference voltage 

. as a function of the input voltage. 1 

19. The method of claim 1 6, including the step of vary- 
ing the variable reference voltage as a function of 
an I/O pad supply voltage that is operatively supply- 
ing voltage to the. pull up circuit. . 

20- The method of any one of claims 16 to '19, wherein 
the step of generating the floating well output signal 
includes varying the floating well output signal as a 
function of the input signal. * . . 



and wherein wells of each of the first and second 
PMOS transistors are operatively coupled to the 
floating well output signal. 



15. The cascaded output buffer stage of claim 6 or any 
claim dependent thereon, wherein the second vari- 
able reference generating circuit includes: 

a first PMOS transistor having a source, gate, 
and drain wherein the spurce is operatively 
coupled receive the input signal; and 
a second PMOS transistor having a source 
operatively ' coupled; to the drain of the first 
PMOS transistor and a drain operatively cou- 
pled to an input of the cascaded pull up circuit, 
and wherein wells of each of the first and sec- 
ond PMOS transistors are operatively coupled 
to the floating well output signal. 
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16. A method for protecting a cascaded output buffer 
stage that receives an internal input signal and pro- 
vides an output signal, comprising the steps of: 



55 



converting a voltage level of a received an 
internal input signal prior to outputting the 
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